We investigated psychological adjustment in a preadolescent pediatric population as a function of headache diagnosis. Children from a city public education system were enrolled in this study. Parents were interviewed using validated headache questionnaires and the Strengths and Difficulties Questionnaire (SDQ), which measures psychological adjustment. Crude and adjusted prevalence ratios were obtained using a binary regression model. The relative risk [RR] of SDQ items and scores were modeled as a function of headache diagnosis in adjusted analyses. Multivariate models estimated determinants of psychological adjustment characteristics in children with migraine. The sample consisted of 846 children (65.9% of the target sample) from 5 to 12 years old (50.5% girls). Relative to children without headache, children with episodic migraine (EM) were more likely to have abnormal scores on the following SDQ scales: emotional symptoms (RR = 3.43, 95% confidence interval [CI] = 2.51-4.69), conduct problems (RR = 1.96, 95% CI = 1.37-2.79), total difficulties (RR = 2.23, 95% CI = 1.59-3.13), and total impact (RR = 2.85, 95% CI = 1.15-7.11). The multivariate analysis showed that total difficulties in psychological adjustment in children with EM were significantly influenced by headache frequency (p < .05), analgesic intake (p < .001), and the occurrence of nausea (p < .01) and vomiting (p < .05) in headache attacks. To the best of our knowledge, this is the first study reported in the literature to identify determinants of the association between migraine and difficulties in psychological adjustment in preadolescent children. Providers and educators should be aware of this association, and studies that address causality should be conducted.
Introduction
Headache is one of the most common pain and neurological symptoms in childhood (Goodman & McGrath, 1991; Perquin et al., 2001) . The lifetime prevalence of headache in children reaches a striking rate of 82% (Arruda et al., 2010a) . Migraine and tension-type headache, the prototypical primary headaches, are common in the preadolescent pediatric population (Abu-Arafeh, Razak, Sivaraman, & Graham, 2010) . When the International Headache Society criteria are strictly followed, the prevalence of migraine in children ranges from 3.3% to 21.4%, increasing from early childhood to adolescence (AbuArafeh et al., 2010) . The burden of pediatric headaches is best characterized for migraine, which impacts the child's quality of life (Powers, Patton, Hommel, & Hershey, 2003) , school attendance (Abu-Arefeh, & Russell, 1994; Arruda, & Bigal, 2012a) , and school performance (Arruda & Bigal, 2012a) . Pediatric headache can also disrupt the family (Galli, Canzano, Scalisi, & Guidetti, 2009 ). Research suggests that the impact of migraine is influenced by several factors including severity of pain and its associated symptoms, frequency of pain, anticipatory anxiety, adequacy of treatment, and comorbidities (Arruda & Bigal, 2012a; Bigal, Krymchantowski, & Lipton, 2009; Lipton & Silberstein, 1994) . Nonetheless, the influence of established comorbidities of psychological symptoms on the burden of primary headaches is still poorly studied in children and adolescents.
Clinical (Bruijn, Locher, Passchier, Dijkstra, & Arts, 2010; Galli et al., 2007; Guidetti et al., 1998; Vannatta, Getzoff, Powers, Noll, Gerhardt, & Hershey, 2008) and populational (Anttila, Sourander, Metsahonkala, Aromaa, Helenius, & Sillanpaa, 2004; Arruda & Bigal, 2012b; Virtanen et al., 2004) studies suggest that children with migraine are more likely to have somatic, anxiety, and depressive symptoms relative to children without headaches. Limited findings also suggest that pediatric migraine is associated with impaired attention span (Virtanen et al., 2004 ) and hyperactivity-impulsivity but not with fully developed attention-deficit/hyperactivity disorder (ADHD, Arruda, Guidetti, Galli, Albuquerque, & Bigal, 2010b) . Representative data for other primary headaches are scarce.
In his seminal work with children who suffered from migraine, Bille (1962) found that children with migraine were "more sensitive," "more tidy," "less physically enduring," and "more vulnerable to frustration" than controls (Bille, 1962) . The concept of a "migrainous personality" was later proposed by Saper (1983) , describing a migraine patient as having the following characteristics: "compulsive, perfectionistic, rigid, and achievement driven elements, often accompanied by internalized anger and excessive self-control." However, the association between these characteristics and migraine has not yet been confirmed by scientific evidence. Findings from more recent studies suggest a possible association between migraine and other psychological characteristics in children and adolescents such as shyness, emotional rigidity, tendency to repress anger and aggression, and a poor level of adjustment (Andrasik, Kabela, Quinn, Attanasio, Blanchard, & Rosenblum, 1988; Lanzi et al., 2001; Mazzone, Vitiello, Incorpora, & Mazzone, 2006) . Adjustment in psychology can be defined as a process of the progressive modification of thoughts and behavior to balance conflicting needs or needs against obstacles in the environment. Although it largely reflects the difficulties that individuals have in mastering or adapting to adverse conditions, personality characteristics are important factors that influence individual responses to life events (Sarbin, 1940) . Adjustment disorder occurs when there is an inability to make normal adjustments to needs or stress in the environment (American Psychiatric Association, 1994) .
Over the last decades, some studies have suggested that children with chronic physical disorders exhibit a higher level of difficulty in psychological adjustment and are more prone to develop psychopathology (Lavigne & Faier-Routman, 1992) . Therefore, a greater understanding of psychological functioning in children with migraine is of interest. To address this need, we have taken advantage of a large epidemiological study (Attention-Brazil Project) in which children were identified at schools, and parents were interviewed to investigate psychological adjustment assessed by the Strengths and Difficulties Questionnaire (SDQ) as a function of headache status and diagnosis.
Methods

Overview
This study is part of a larger project designed to establish inception cohorts for studying disorders that may impact learning in preadolescent children. It was built from a virtual network of professionals that began in 2006 with a nonprofit academic organization called "Aprender Criança" (Learning the Child; Arruda, 2009 ). Currently, a total of 4,500 members are registered in the organization. Of these members, 81% are teachers from the educational system in Brazil.
To achieve this aim, a pilot study was initially conducted in which all of the children registered in the school system of a city were selected. Their mothers and teachers were interviewed by one of the researchers of the present study. The details of this phase have been described elsewhere (Arruda, Guidetti, Galli, Albuquerque, & Bigal, 2010a, b) . The pilot study defined the validated questionnaires that would be used in the nationwide phase.
Flow of the study
In May 2009, we invited 124 teachers selected from 1,152 members of the organization who were registered to participate in the project. They were selected to representatively cover the Brazilian territory including rural and urban areas (Instituto Brasileiro de Geografia e Estatística, 2009). They all completed 4-h online training administered by one of the authors of the present study (MAA). During training, they were instructed on how to apply the study questionnaires (see below). We emphasize that using teachers to obtain health information is a well-accepted method for assessing mental health in preadolescent children (Akinbami, Liu, Pastor, & Reuben, 2011; Epstein, Langberg, Lichtenstein, Kolb, Altaye, & Simon, 2011) . The teachers were not selected based on special interest in headache disorders, although they certainly had an interest in mental health because they voluntarily joined the community.
We present findings from the survey conducted in the city of Araquari in Santa Catarina state where four teachers were trained and conducted the interviews. The students were randomly identified and their parents were contacted. Those who agreed to participate were enrolled in the study. The interviews were performed at the end of October, which is close to the end of the school year in Brazil, which begins in February and ends in November.
Geographic characterization and target sample
According to the demographic census, the studied region covers an area with 24,814 inhabitants (year 2010). Of these, 23,151 (93.3%) live in an urban area. Life expectancy is 72 years, and the Human Development Index is .767, rates that are similar to the Brazilian rates (Instituto Brasileiro de Geografia e Estatística, 2009). Of the 3,214 children from 4 to 18 years of age registered in the public school system, 1,283 (39.9%) were identified as our target sample and were invited to participate. Consent was obtained from 939 children (73.2%), and complete demographic and headache information was obtained from 846 children (65.9%). The participants' ages ranged from 5 to 12 years old (50.5% girls).
Assessments
Parents were interviewed by the teachers using a standardized questionnaire with 102 questions that assessed the following: (1) sociodemographic features, (2) past medical history of the child, (3) headaches, (4) parental perspective on school performance (not reported here), and (5) psychological adjustment.
The headache module of the questionnaire consisted of 14 questions that assessed the distinguishing features required for headache diagnosis in the children according to the International Classification of Headache Disorders, 2nd edition (ICHD-2; Headache Classification Subcommittee of the International Headache Society, 2004). The questionnaire was the validated Portuguese version used in American migraine studies (Lipton, Diamond, Reed, Diamond, & Stewart, 2001 ) and has been extensively used in pediatric and adult populational studies in Brazil (Queiroz et al., 2008) . Based on the response to the questionnaire, headache diagnoses were assigned by strictly following the ICHD-2 criteria. Children with EM fulfilled all of the required criteria for diagnosing EM. We did not differentiate migraine with and without aura. Probable migraine and chronic migraine were not considered in the analyses. Episodic tension-type headache (ETTH) encompassed children with frequent and infrequent ETTHs. Children in the "no headache" group did not meet the criteria for any primary headaches (including tension-type headaches).
Psychological adjustment was evaluated using the validated Brazilian version of the SDQ (Fleitlich-Bilyk & Goodman, 2004; Goodman et al., 2005) . The SDQ is a 25-item instrument developed to assess emotional and behavioral problems from the view of the self (in adolescents or adults) or from the view of parents or teachers (Dickey & Blumberg, 2004; Goodman, Lamping, & Ploubidis, 2010) . Validation studies and factor analyses have revealed that the SDQ can identify hyperactivity, inattention, emotional symptoms, peer problems, conduct problems, and prosocial behavior (Dickey & Blumberg, 2004) .
Analyses
Race and income were defined according to the definitions of the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística, 2009), which are adopted by the National Census. Race was dichotomized as white vs. non-white. The five income classes were defined based on total family income and do not reflect quintiles. They are determined based on the buying power for a basket of products and services that is defined by the institute and that correlates with socioeconomic characteristics. Classes A and B represent the upper classes. Classes D and E describe different levels of poverty. Class C is the middle class.
Sex-specific 1-year prevalence estimates of migraine and tension-type headache were derived by age, race, and income. To characterize the sample, descriptive statistics were performed. To estimate the relationship between sociodemographic characteristics and migraine status, cross tabulations were performed. Crude and adjusted prevalence ratios were obtained using a binary regression model. Prevalence ratios and 95% confidence intervals (CIs) were used to compare specific categories (e.g., age categories or race) with the reference category.
Multivariate analyses
We initially developed nested multivariate models by considering the presence of migraine and an abnormal score on each of the six SDQ scales (emotional symptoms, conduct problems, hyperactivity, peer problems, total difficulties, and total impact) as dependent variables as a function of demographics (Model 1) and headache characteristics (mean duration, frequency and severity of the attacks, photophobia, phonophobia, nausea, vomiting, and analgesic abuse; Model 2). The level of significance adopted was 5%. Statistical analysis was performed using SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Investigation review board approval
This study and the surveys received full approval from a university-based Ethics Review Committee (São José do Rio Preto Medical School, São Paulo, Brazil). Written informed consent was obtained from all parents. Table 1 displays the demographics of the participating sample and those without complete data. The overall participation rate was -73%, and complete data were obtained from 66% of the target sample and 90% of those who consented. Approximately 50% of the respondents were girls, and most were from the middle class (Class C, 56.1%). The participation rates were very high for all categories, although they decreased as a function of decreased family income.
Results
Overview
Prevalence of headaches
Among the participating children, 19.7% did not report headaches (Table 2) . Episodic migraine was diagnosed in 10.9% of the children (11.5% of the girls and 10.3% of the boys). The prevalence of EM was not significantly associated with gender, age, race, or income class.
ETTH was diagnosed in 13% of the children (11.5% of the girls and 14.6% of the boys). Although a higher prevalence was found in children aged 5 to 8 years (relative to those aged 9 to 12 years) and in boys, and a lower prevalence was found in children who came from lower income classes (relative to those from Classes A, B, and C), the differences were not statistically significant.
The prevalence of headache increased as a function of age. Compared with children aged 5 to 8 years, the prevalence of "no headache" was significantly lower in Table 3 ). Children with ETTH presented no significant differences from controls (Table 3) . Figure 1 contrasts the SDQ scores of children with EM and ETTH relative to controls ("no headache").
Psychological adjustment as a function of headache diagnosis
Compared with controls, children with EM were significantly more likely to have abnormal scores in the following domains: emotional symptoms (73.9% vs. 21.6%, RR = 3.43, 95% CI = 2.51-4.69), conduct problems (45.7% vs. 23.4%, RR = 1.96, 95% CI = 1.37-2.79), total difficulties (52.2% vs. 23.4%, RR = 2.23, 95% CI = 1.59-3.13), and presence of impact (12% vs. 4.2%, RR = 2.85, 95% CI = 1.15-7.11). Compared with controls, children with ETTH were significantly more likely to have conduct problems (34.5% vs. 23.4%, RR = 1.48, 95% CI = 1.02-2.16).
Multivariate analyses
In the multivariate analyses, gender, race, parents' marital status, parents' educational level, and income class were not significantly associated with SDQ scores in children with EM. The total difficulties score in psychological adjustment was significantly influenced by headache frequency (p < .05), analgesic intake (p < .001), and the occurrence of nausea (p < .01) and vomiting (p < .05) in headache attacks (Table  4) . The occurrence of impact caused by difficulties in psychological adjustment demonstrated a nonsignificant trend toward an association with poor school achievement (p = .052) and was significantly associated with headache frequency (p < .05) and the occurrence of nausea (p < .05) in headache attacks. Other demographic and migrainous characteristics did not significantly contribute to the model (Table 4) .
Discussion
Migraine in childhood impacts quality of life (Powers, Patton, Hommel, & Hershey, 2004) , school attendance (Abu-Arefeh & Russell, 1994; Arruda & Bigal, 2012a) , and school achievement (Arruda & Bigal, 2012a) and is associated with behavioral, emotional, and social problems and competencies Arruda & Bigal, 2012b; Bruijn et al., 2010) . To the best of our knowledge the present study is the first to examine psychological adjustment in preadolescent children with EM and ETTH using the ICHD-2 criteria and SDQ in a large community-based study.
Our findings can be summarized as the following. (1) Relative to controls (children without headache), children with EM were more likely to exhibit the following psychological characteristics that reflect difficulties in psychological adjustment: "Often has temper tantrums or hot tempers," "Often fights with other children or bullies them," "Often unhappy, downhearted or tearful," "Easily distracted, concentration wanders," "Nervous or clingy in new situations, easily loses confidence," "Picked on or bullied by other children," and "Many fears, easily scared." (2) Compared with controls, children with EM were more likely to have abnormal scores in the following domains: emotional symptoms, conduct problems, total difficulties in psychological adjustment, and the presence of impact secondary to these difficulties. (3) Compared with controls, children with ETTH were significantly more likely to have conduct problems. (4) In the multivariate analyses, the total difficulties in psychological adjustment in children with EM were significantly influenced by headache frequency, analgesic intake, and the occurrence of nausea and vomiting in headache attacks. The occurrence of impact caused by difficulties in psychological adjustment was significantly influenced by poor school achievement, headache frequency, and nausea in headache attacks. Other migrainous and demographic characteristics did not significantly contribute to the model. Two main approaches have been used to assess behavioral symptoms in childhood: categorical diagnoses that describe psychopathological states as distinct syndromes and dimensional approaches that view psychopathology as a deviance from normal with no clear threshold between subjects with and without a disorder (Schmeck et al., 2001) . The latter approach is used by the SDQ and was adopted by us. An advantage of this approach is that it avoids stigmatization and labeling, which are common risks when conducting behavioral research.
The SDQ is designed to measure psychological adjustment in children and adolescents. Psychometric evaluations of the instrument have shown satisfactory convergent and discriminant validity, whereas factor analyses have shown mixed results across countries (Stone, Otten, Engels, Vermulst, & Janssens, 2010) .
Our findings corroborate the higher prevalence of emotional symptoms in preadolescent children with EM compared with those without headache. Previous populational studies have also shown a higher prevalence of somatic (Anttila, 2004; Laurell, Larsson, & EegOlofsson, 2005 ) and anxiety-depressive symptoms (Fichtel & Larsson, 2002; Virtanen et al., 2004) in children and adolescents with migraine compared with children without chronic headaches, although controversial findings have been reported concerning children with tension-type headaches Laurell, Larsson, & Eeg-Olofsson, 2004 ).
In our sample, children with EM were more likely to exhibit social behaviors and conduct problems directly related to bullying which, in turn, are associated with emotional problems and deeply related to an important impact on personal and social life. A recent meta-analysis of clinical studies strongly suggested that children with migraine are not more likely to have problems in thought, social, delinquent, and aggressive domains relative to children without migraine, but they are more likely to have somatic complaints and exhibit internalizing behavior (Bruijn et al., 2010) . Our data, therefore, are consistent with previous findings.
The impact of migraine on psychological adjustment in children is rarely documented, and multivariate analyses with adjustments that account for demographics, family income, school achievement, migraine symptoms, and frequency have not been conducted to the best of our knowledge. This is important to disentangle the true drivers of psychological adjustment in children with migraine.
After adjustments, our findings indicate that headache frequency, nausea, vomiting, and analgesic intake were the key determinants of impact. Headache, nausea, and vomiting are considered some of the most frequent functional-somatic symptoms in children and adolescents associated with young-adult psychopathology (Steinhausen, Eschmann, & Metzke, 2007) .
The strengths and limitations of our study deserve comment. The strengths include the following: (1) the population nature of our study, (2) the relatively large sample size of preadolescents, (3) the use of validated questionnaires, (4) the strict accordance with standardized criteria for headache diagnosis, (5) the relatively high participation rate, and (6) the use of multivariate adjustments.
The limitations include the fact that headache diagnosis was determined by the information provided by the mother. No direct interview was conducted with the child. Although this is not different from what is often seen in medical practice for young children, the potential biases of our method need to be explored (Arruda, Bordini, Ciciarelli, & Speciali, 2004) . We may also have underestimated the prevalence of ETTHs because we only classified the most severe type of headache presented by patients. This is a standard method in the field (Lipton, Stewart, & Simon, 1998) ; however, by not assessing more than one type of headache, we cannot adjust for whether one headache (ETTH) influences the association of headache/SDQ scores in children with another type of headache (EM). Another limitation is that the ICHD-2 may have limited value in separating migraine and tension-type headache in young children. In a longitudinal study with 417 children, the ICHD-2 had high specificity but low sensitivity in diagnosing migraine in childhood (Arruda et al., 2004) . Finally, we identified children registered in the public school system. Although this is a well-established method for investigating the epidemiology of diseases in the pediatric population (Abu-Arefeh, & Russell, 1994; Bille, 1997) because education is mandatory in most countries, children from higher socioeconomic strata are less likely to be enrolled in the public school system. Adjustments are not able to precisely address this issue because all socioeconomic variables would be shifted toward the lower incomes in samples of children from public school only.
In summary, we found that EM was significantly associated with difficulties in psychological adjustment in preadolescent children. Specifically, children with migraine were more likely to present emotional and conduct symptoms that impact their ability to master to some need or stress in the environment. The association between these psychological difficulties and the burden caused by migraine itself may perpetuate both conditions. Providers should be aware of this possibility in children with migraine to properly address the problem. Long-term longitudinal studies are needed to study causality, investigate predictive validity, and clarify the effect of prophylactic treatment in psychological adjustment in children with migraine.
